[CANCER RESEARCH 60, 5635-5639, October 15, 2000]

Advances in Brief

Alcohol Stimulates Estrogen Receptor Signaling in Human Breast Cancer
Cell Lines!

Saijun Fan,? Qinghui Meng, Bin Gao, Jason Grossman, Michael Yadegari, ltzhak D. Goldberg, and Eliot M. Rosen

Department of Radiation Oncology, Long Island Jewish Medical Center, The Long Island Campus for the Albert Einstein College of Medicine, New, Nisle Yark 11040 [S. F.,
Q.M,J.G,M.Y, I.D.G,, E.M. R, and Department of Pharmacology and Toxicology, Medical College of Virginia, Commonwealth University, Rittgimia@3298 [B. G.]

Abstract Materials and Methods

Epidemiological studies suggest that moderate alcohol consumption  Expression Vectors and Reporters.The wt BRCAL expression plasmid
increases the risk of breast cancer, and that alcohol combined with was created by cloning the BRCAL1 cDNA into the pcDNA3 mammalian
estrogen replacement therapy may synergistically enhance the risk. How- expression vector (Invitrogen) using artificially engineeréddndlll and 3
ever, the mechanism(s) of alcohol-induced mammary cancer is unknown. Notl sites. The wtBRCAL plasmid was provided by Michael Erdos (National
In human breast cancer cell lines, we found that ethanol (EtOH) caused a Human Gene Research Institute, NIH, Bethesda, MD). The expression vector
dose-dependent increase of up to 10- to 15-fold in the transcriptional pCMV-ER-« was used to express ER-The estrogen-responsive reporter
activity of the liganded estrogen receptor (ERe), but did not activate the  plasmid ERE-TK-Luc is composed of the vitellogenin A2 ERE controlling a
nonliganded receptor. Significant stimulation of ER-« activity was ob-  mjinimal thymidine kinase promoter (TK81) and luciferase, in plasmid
served at EtOH concentrations comparable with or less than blood alcohol G| 2 (10).
levels associated with intoxication and at doses below the threshold far The E2F reporter (E2F-TK-Luc) is composed of the E2F site from adeno-
vitro cytotoxicity. These findings may be explained, in part, by an EtOH- yirs E2a linked to the minimal TK promoter (TK81) and luciferase, and the
induced dovyn_-regulanc_)n of the expression c_)f BRCA;, a potent inhibitor Sp1 reporter (Spl-TK-Luc) is composed of the Sp1 site from the cyclin D1
of ER-e activity, and, in part, by a modest increase in the ERe levels. . ,nater (127 to—99), TK81, and luciferase. Expression plasmids for E2F1
Ourflnd_mgs sugggst that |n§ct|vat|on ofBRQAl and increased estrogen- (PCMV-E2F1) and Spl (pCMV-Sp1) and the E2F- and Spl-responsive re-
responsiveness might contribute to alcohol-induced breast cancer. porter plasmids were provided by Dr. Richard Pestell (Departments of Medi-

. cine and Developmental and Molecular Biology, Albert Einstein College of
Introduction Medicine, Bronx, NY).
Cell Lines. Hormone-responsive human breast cancer cell lines MCF-7

Epidemiological studies have documented a relationship bewvee?nrgj T47D were obtained from the American Type Culture Collection (Rock-

moderate alcohol consum_ptlon a.md breast _cancer rates 'n Won\}ﬁlg, MD) and grown in DMEM supplemented with 5% FCSglutamine (5
(1_3)'_ In a _p00|ed analy§|s of six prospec_tlve Co_hort StUdleS_ t h), nonessential amino acids (5vu) penicillin (100 units/ml), and strepto-
examined dietary factors in breast cancer, increasing alcohol '”t%in (100 ug/ml; Ref. 11).
correlated significantly with the breast cancer risk (1). Previous StUd'Estrogen Receptor (ERe) Transcriptional Assays. ER-« transcriptional
ies had suggested that the combination of alcohol consumption pidsvity was determined by measuring the estrogen-stimulatedy ERdiated
postmenopausal estrogen replacement therapy synergistically &flivation of the estrogen-responsive reporter plasmid ERE-TK-Luc. Assays
hances the risk of cancer (reviewed in Refs. 4 and 5). Several studiese performed essentially as described earlier (11). Briefly, asynchronously
report increased levels of circulating estrogen associated with alcohalliferating cells at about 50-70% of confluency in 24-well dishes were
use, but other studies have failed to demonstrate an increasevashed several times and incubated overnight with @.@%f each vector in
circulating or urinary estrogen in response to alcohol use (reviewedsgrum-free DMEM containing Lipofectin (Life Technologies). Cells were then
Ref. 6). washed at least three times, incubated in serum-free, phenolphthalein-free
Aside from ionizing radiation, alcohol consumption is probably thEMEM (0.2 mi/well) without or with 1B-estradiol (E2, Jum) and/or ethanol

best-defined environmental risk factor for breast cancer, but the megj-24 h. and harvested for luciferase assays. Luciferase values are m&ihs
omour replicate wells and are representative of several independent experi-

anism(s) of alcohol-induced carcinogenesis is not understood (7, 8). . :
S . . . mgnts. In some experiments, plasmid pRB¥al was cotransfected as a

combination with other events such as oncogenic mutations an : - .

inactivati ft | d est ic stimulati co'{\trol for transfection efficiency. These experiments revealed no effect of

inactivation of tumor suppressors, prolonged estrogenic stimulation Qi | or wiBRCAL orB-galactosidase activity.

the mammary epltht_ella is thought to contribute to the development ofAssays of Cytotoxicity. MTT Assays.MTT assays of cell viability were

breast cancer. In this report, we show that alcohol can down-regulgigormed as described previously (12). This assay is based on the ability of

the tumor suppressor BRCA1 (9) and stimulate &Ractivity, both  yiaple cells to convert MTT, a soluble tetrazolium salt, into an insoluble

of which might contribute to alcohol-induced breast cancer. formazan precipitate, which is quantitated by spectrophotometry after solubi-
lization in DMSO (13). Briefly, subconfluent proliferating cells in 96-well
Received 6/13/00; accepted 8/30/00. dishes were treated with different doses of ethanol for 24 h in serum-free

The costs of publication of this article were defrayed in part by the payment of pa@MEM, after which the cells were solubilized and absorbance readings were

charges. This article must therefore be hereby magdrtisemenin accordance with ; : ;
18 U.S.C. Section 1734 solely to indicate this fact. taken using a multiwell spectrqphometer. The amount of MTT dye reduction
1 This research was supported in part by research grants from the USPHS (RY/AS calculated based on the difference between absorbance at 570 nm and at

ES09169, RO1-CA-80000, and R0O1-CA82599), the Elsa U. Pardee Cancer Foundatio63® nm. Cell viability was expressed as the amount of dye reduction relative
Michigan, the New York State Department of Health, and the United States Army Breggtthat of untreated controls.

Cancer Research Program (DAMD17-99-1-9254 and BC980064). . . . . .
2To whom requests for reprints should be addressed, at Department of RadiatiorfADOptOSIS Assays.Subconfluent exponentially proliferating cells in

Oncology, Long Island Jewish Medical Center, The Long Island Campus for the Albdf®0-mm plastic Petri dishes were incubated with different doses of ethanol in
Einstein College of Medicine, 270-05, 76th Avenue, New Hyde Park, NY 11040. Phorgerum-free DMEM for 24 h, and then the cells were counted using a hema-

(718) 470-7456; Fax: (718) 470-9756; Email: fan@lij.edu. ; _
SER, estrogen receptor: wt, wild type: MTT. 3—(4,5-dimethylthiazo|-2-y|)—2,5-Cytometer' Samples were ngrmallzed by. cell number (500,000-750,000 gells),
diphenyltetrazolium bromide; ERE, estrogen-responsive enhancer; RT-PCR, reverse tiif the low molecular weight apoptotic DNA was extracted as described

scription-PCR. previously (12, 14). The DNA was electrophoresed through 1.2% agarose gels
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containing 0.1 mg/ml of ethidium bromide, and the gels were photograph@AGTTA'3 (forward), 3TGTGCCAAGGGTGAATGATGAAGS (back-

under UV illumination. ward), 285 bp (position in DNA 5239-5524); angtactin, STTGTTAC-
Western Blotting. Preparation of whole cell lysates and Western blottin€AACTGGGACGATA3  (forward), 3GATCTTGATCTTGGTGCT5

was performed as described previously (12). The primary antibodies and thi{eeckward), 764 bp (position in DNA 265-1028).

sources were as followsa) BRCAL (C-20, rabbit polyclonal, Santa Cruz

Biotechnology, 1:200 dilution);k) ER-« (H-184, rabbit polyclonal, Santa Results

Cruz, 1:1000); ¢) Bax (P-19, Santa Cruz)d) Bcl-2 (N-19, Santa Cruz); and

(e) a-actin (I-19, goat polyclonal, Santa Cruz, 1:500). Proteins were visualizedAlcohol Stimulates the Transcriptional Activity of ER-a in

using the enhanced chemiluminescence detection system (Amersham), WitHtured Human Breast Cancer Cells. To determine whether eth-

colored markers (Bio-Rad) as size standards. anol could alter the mammary cell sensitivity to estrogen, we per-
Semiquantitative RT-PCR Analysis. The BRCA1 mRNA expression was formed studies to investigate whether ethanol affects the transcrip-

evaluated by semiquantitative RT-PCR, as described previously by us (12nal activity of ERev. Initially we tested MCF-7 cells, a commonly

Briefly, total cell RNA was extracted from the cell monolayers using TriPurgtudied human breast cancer cell line that is estrogen- and progester-
reagent (Boehringer Mannheim), treated with DNase, and purified by phengl-

chloroform extraction. Aliquots of RNA (fg) were reverse-transcribed usinggne-receptor-posmve and wt for the53 Rb and BRCAL tumor
Superscript Il reverse transcriptase (Life Technologies, 10,000 units/ml). AguPpressor genes. Cells were transfected withaZR> ensure_ high-
quots of cDNA corresponding to 0,5g of original RNA were used for PCR evel ER expression (see below) and an estrogen-responsive reporter
amplification. The cycle numben(= 27) was adjusted so that all reactions fellPlasmid (ERE-TK-Luc) and assayed for estradiol (E2)-stimulated
within the linear range of amplification. The PCR primers and predicte@porter activity. E2 alone induced anl00-fold stimulation of re-
products were as follows: BRCAL, "BTGCGGGAGGAAAATGGG- porter activity in MCF-7 cells (positive control).
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Fig. 1. Alcohol stimulates the ER-transcriptional activity in human breast cancer cefisalcohol causes dose-dependent stimulation of the activity of the liganded ER-
Estrogen-responsive breast cancer cell lines MCF-7 and T47D were assayed for stimulation of ERE-TK-Luc reporter actitgstsadiol (E2), as described in “Materials and
Methods.” An ERe expression plasmid pCMV-ER-("ER-«") was provided to ensure high level expression of &Rnder all assay conditions. After an overnight transfection of
ER-a plus ERE-TK-Luc, cells were washed and incubated with E2 plus different doses of alcohol (ethanol) for 24 h before harvesting for luciferasesagsagse Rhown on
logarithmic (eft) and linear (ight) scales. Luciferase activity is expressed relative to-tf&2 negative control or as a percentage of th&®; 0 ethanol) positive control, normalized
to B-galactosidase activity. Values are meanSE of quadruplicate determinations. For ethanol dese8 mwv, luciferase activities were significantly greater than the conttd2;

0 alcohol):P < 0.001 (two-tailed test) for each cell lineB, alcohol does not stimulate the activity of the nonligandeddER? the absence of E2, reporter activity was not increased
above baseline at any ethanol dose in MCF-7 célls>(0.1). Luciferase values are expressed relative to tHe2; 0 ethanol) negative control and are normalize@-galactosidase
activity. C, alcohol does not stimulate the transcriptional activity of E2F1 or Sp1 in MCF-7 cells. The effect of ethanol on E2F1 and Sp1 activity was exagingulassion vectors
pCMV-E2F1 (“E2F1") or pCMV-Sp1 (“Spl”) and E2F- or Spl- responsive luciferase reporters. The basal activity of each reporter was very low, otilatesidty E2F1 or Spl
vector P < 0.001; two-tailect test). Neither E2F1 nor Spl stimulated reporter activity was altered by etHanelQq.1).
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In cells incubated with E2 plus ethanol for 24 h, there was a Itis not likely that the ethanol-induced alterations of &Rxctivity
dose-dependent increase in E2-stimulated reporter activity, as comere attributable to toxicity, because ERactivity was increased
pared with the positive control.€., cells incubated with E2 but no rather than decreased, within the range of ethanol concentrations
ethanol). This effect seems to be more dramatic when plotted ort@mparable with achievable blood alcohol levels. However, to deter-
linear (Fig. 1A, right) than on a logarithmic scale (FigAlleft). mine the dose-effect relationship for alcohol toxicity, MCF-7 cells
Generally similar results were obtained using MCF-7 and T47D cellgere treated with ethanol for 24 h and assayed usiagthe MTT
In MCF-7, the maximum stimulation of ER-activity was~10-fold, assay, a spectrohotometric assay of cell viability based on the ability
relative to the positive control{E2, 0 ethanol) and was observed abf intact mitochondria to reduce a tetrazolium dye to formazan; and
80-100 nm ethanol. In T47D, the maximum ethanol-induced stimufb) agarose gel electrophoresis to assess the presence of low molecular
lation was 13-fold and occurred at 200unethanol. At doses higher weight interoligosomal DNA fragments (“DNA ladders”) character-
than 100 nw in MCF-7 and 200 m in T47D there was a reduction of istic of apoptosis.

ER-« activity consistent with cytotoxicity (see below). At <100 mm of ethanol, cell viability determined by the MTT assay

As a control, the same reporter plasmid missing the estrogemas >95%; whereas concentratiors100 mv of ethanol caused a
responsive element (TK-Luc), showed very low basal luciferase aivse-dependent reduction of cell viability from 90% (10@)rdown
tivity and no estrogen stimulation of activity (FigAL In contrast to to 65% (500 nw). Agarose gel electrophoresis revealed apoptotic
E2-stimulated cells, cells incubated with ethanol for 24 h in thBNA ladders at ethanol concentratiorsLO0 mv, with little or no
absence of E2 showed no ethanol-stimulated ERE-TK-Luc repormridence of laddering at lower doses of ethanol (data not shown).
activity at any dose of ethanol (FigBL Thus, the ability of ethanol These findings suggest that toxicity is not a major contributory factor
to stimulate ERa activity in human breast cancer cells is specific tdo ethanol-induced cellular alterations at concentratigd®0 mv of
liganded ERe. ethanol.

Although most experiments were performed with transfectecER- Alcohol Partially Reverses the BRCAl-mediated Inhibition of
to ensure high level ER- expression, we tested the effects of twdER-a Transcriptional Activity. We recently reported that BRCAL
doses of ethanol (60mand 100 nw) in MCF-7 and T47D cells in the inhibits ER« signaling in various human breast cancer cell lines,
absence of exogenous ERWhen normalized to the-E2, 0 ethanol including MCF-7 and T47D cells (11). To determine whether ethanol
control (=100%), the luciferase activities (normalized to cotranszould overcome the BRCAl-mediated repression of d=Retivity,
fected B-gal activity) at 60 nu and 100 nm of ethanol were as ER-o/ERE-TK-Luc transcriptional assays were performed in MCF-7
follows: MCF-7, 437% and 981%, respectively; and T47D, 389% aralls cotransfected without or with a wtBRCA1 expression vector. In
528%, respectively (SE<5%). These values were significantlythe experiment shown in Fig.A2 E2 induced a 60-fold increase in
higher than the control$>(< 0.001, two-tailed tests), indicating that luciferase activity (relative to the E2 control), and wtBRCA1 caused
it is not necessary to supply exogenous &Re demonstrate the inhibition of E2-stimulated ERx activity nearly down to the-E2
stimulation of ERe transcriptional activity by ethanol. control levels. E2-stimulated ER-activity (relative luciferase activity

Doses of ethanol that markedly enhanced ligandedvBRinscrip-  of 40) was observed in wiBRCA1-transfected cells exposed to ethanol
tional activity (60—100 ma) did not stimulate the activity of two cell (100 mv), suggesting that ethanol opposes the BRCAl-mediated
cycle-regulated transcription factors, E2F1 and Spl, as demonstratggtession.
by assays using E2F- and Spl-responsive reporters (E)g.These Whereas ethanol stimulated ERactivity in wtBRCA1-transfected
findings suggest that the ability of ethanol to activate &Rs not cells, the relative luciferase activity was much lower in wtBRCA1-

because of nonspecific transcriptional activation. transfected, ethanol-treated cells (40) than in nontransfected, ethanol-
B
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Fig. 2. Alcohol partially reverses the BRCAl-mediated repression ofERnscriptional activity in MCF-7 cell$, cotransfection of a wtBRCAL expression plasmid (WtBRCA1)
virtually abrogated the E2-induced activation of reporter ERE-TK-Luc. However, in the presence ofvML@® ethanol, the ability of wWtBRCAL to repress ERactivity was
significantly attenuated; the relative luciferase activityg2, +wtBRCAL1) was significantly greater in the presence than in the absence of etRafoD(001; two-tailed test).B,
dose-dependent inhibition by wtBRCAL of the ability of ethanol (10@0) o stimulate ER« activity. For each wtBRCA1 plasmid dose0.1 ng, the +E2 luciferase activity was
significantly reduced, as compared with that in the absence of wtBREAZ 0.001). Note that the empty BRCAL vector (pcDNA3) had no effect onoERtivity in the absence
or presence of ethanoP(> 0.1).
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treated cells £700). Stated in other terms, over-expression d@B). Thus, the ethanol-induced decrease in BRCAL was observed at
wWtBRCA1 blocked the ability of ethanol to stimulate ERactivity. both the mRNA and the protein levels.

As illustrated in the plasmid dose-response study in FBj. \&t-

BRCAL1 caused dose-dependent inhibition of ERxctivity in the Discussion

presence of 100 m of ethanol, ultimately down to or below the

positive control (-E2, 0 ethanol) level in MCF-7 cells. Alcohol is an etiological agent for several different tumor types,

Alcohol Down-Regulates BRCAL and Up-Regulates ERe Ex-  including upper aerodigestive cancers (mouth, oropharynx, hypophar-
pression in MCF-7 Cells. Subconfluent proliferating MCF-7 cells YNX, and esophagus) and breast cancer (15, 16). Alcohol is metabo-
were incubated with different doses of ethanol for 24 h and thdiged by the microsomal ethanol-oxidizing system, the activity of
harvested for Western blotting, to determine the effect on the levelswich is enhanced by chronic alcohol use (reviewed in 17). Because
BRCAL, ER«, and other proteins. Protein bands were quantitated fje microsomal ethanol-oxidizing system, including cytochrome P450
densitometry and expressed relativect@ctin, as the control. This (CYP), has a major role in oxidative metabolism of environmental
experiment revealed a dose-dependent decrease in BRGAA%Ypof ~agents such as components of cigarette smoke, its enhanced activity
control and a dose-dependent increase indgRetein by about 3-fold may contribute to metabolism of aryl hydrocarbons present in smoke
at 100 nm of ethanol (Fig. ). Alterations in BRCA1 and ERe !0 active carcinogens. However, tobacco use is not known to be a
protein levels were observed at ethanol concentrations as low ragjor risk factor for breast cancer (17). Alcohol is coveted by alcohol
20-40 nmm. These concentrations are within the range of bloodehydrogenase to acetaldehyde, which can induce DNA damage (18).
alcohol levels achieved by acute alcohol consumption: a blood alcoAdlis mechanism does not explain the specific association of alcohol
level of 0.2% (“legally drunk”) corresponds to 43vrethanol. Fur- Wwith breast cancer, inasmuch as alcohol-induced DNA damage should
thermore, these ethanol concentrations are below the thresholdaecur in all cell types. The goal of these studies was to establish a
quired to cause cytotoxicity of MCF-7 cells (10Qumnsee below). In mechanism to explain the association between alcohol use and breast
contrast to BRCA1 and ER; levels of the proapoptotic protein Bax,cancer by focusing on breast cancer-specific cellular and molecular
the antiapoptotic protein Bcl-2, and-actin were unchanged. alterations.

We described a very sensitive method to measure BRCA1 mRNAThe role of alcohol as a mammary carcinogen is suggested by
by semiquantitative RT-PCR analysis (12). Semiquantitative RT-PGRidemiological studies, but there are, as yet, no compelling data to
assays of MCF-7 cells exposed to ethanol for 24 h revealed a dosmlicate a mechanism for alcohol-induced breast cancer (reviewed in
dependent decrease in BRCA1 mRNA at ethanol concentrati@@®s Ref. 8). Furthermore, the mechanism of alcohol-induced breast cancer
mm, with no change in mMRNA levels of the control ge@eactin(Fig. may be different from that of head and neck cancers, in which the
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primary carcinogens may originate as procarcinogens in tobaaweed to be elucidated further. However, this study suggests that
smoke. Our studies suggest a potential mechanistic linkage of alcotietreased expression of BRCAL and increased estrogen-responsive-
and breast cancer by documenting effects of ethanol on two molecutass might contribute to alcohol-induced breast cancer, and it provides
pathways directly related to breast cancer: estrogen response dinelctions for additional research.
BRCAZ1 function.

Thus, ethanol stimulated the transcriptional activity of the ligandg@eferences
estrogen receptor (ER_)in human breas_t cancer cell lines, althou,gh it did1. Smith-Warner, S. A., Spiegelman, D., Yaun, S. S., van den Brandt, P. A., Folsom,
not causede novoactivation of ERe in the absence of the ligand, A R. Goldbolm, R. A., Graham, S., Holmberg, L., Howe, G. R., Marshall, J. R.,
estrogen. The stimulation of ER-activity by ethanol was observed at  Miller, A. B., Potter, J. D., Speizer, F. E., Willett, W. C., Wolk, A., and Hunter, D. J.

. . . P Alcohol and breast cancer in women: a pooled analysis of cohort studies. J. Am. Med.
concentrations of ethanol comparable with those achieved during intox- ASSOC.,279: 535540, 1998.

ication. Thus, 40 m ethanol, which gave a significant stimulation of 2. Longnecker, M. P., Paganini-Hill, A., and Ross, R. K. Lifetime alcohol consumption
ER-« in MCF-7 and T47D cell cultures, corresponds to a blood alcohol and breast cancer risk among postmenopausal women in Los Angeles. Cancer

. . .. Epidemiol. Biomark. Prev4: 721-725, 1995.
level of about 0.2. Stimulation of ER-activity was observed at ethanol 3. Gapstur, S. M., Potter, J. D., Drinkard, C., and Folsom, A. R. Synergistic effect

doses lower than the threshold for cytoxicity (about 100 im MCF-7 between alcohol and estrogen replacement therapy on risk of breast cancer by

. f i ivati estrogen/progesterone receptor status in the lowa Women’s Health Study. Cancer
cells); and ethanol did not induce the activation of two other cellular Epidemiol, Biomark, Prev4: 313-318. 1005,

transcription factors: E2F1 and Sp1. Taken together, these findings SUQ-Ginsburg, E. S. Estrogen, alcohol and breast cancer risk. J. Steroid Biochem. Mol.
gest that ethanol may cause physiologically relevant stimulation af ER-  Biol., 69: 299306, 1999.

activity, and that the stimulation is not attributable to nonspecific actions; 24n°ff, B. The critical role of alcohol consumption in determining the risk of breast
cancer with postmenopausal estrogen admistration. J. Clin. Endocrinol. Mé2ab.,

Mutations of the breast cancer susceptibility g&RCA1(17921) 16561658, 1997.
confer an increased risk for breast and ovarian cancers (QBMA]_ 6. Purohit, V. Moderate alcohol consumption and estrogen levels in postmenopausal

. . : . women: a review. Alcohol. Clin. Exp. Re22: 994-997, 1998.
encodes an 1863 amino acid, 220 kDa nuclear phospho—protem with ‘?.nWOIff, M. S., and Weston, A. Brepast cancer risk and environmental exposures.
N-terminal RING finger domain that interacts with cell cycle proteins and Environ. Health PerspectL05 (Suppl. 4) 891-896, 1997.
an acidic COOH-terminal transcriptional activation domain (9l 20, 21)5_3. Singletary, K. Ethanol and experimental breast cancer: a review. Alcohol. Clin. Exp.
. . . . Res.,21: 334-339, 1997.
BRCA1 plays roles in cell CyCIe regulatlon, apopt05|s, and DNA repaig. Miki, Y., Swensen, J., Shattuck-Eidens, D., Futreal, P. A., Harshman, K., Tavtigian,
and recombination pathways that may be related to its tumor suppressos., Liu, Q., Cochran, C., Bennett, L. M., Ding, W., Bell, R., Rosenthal, J., Hussey, C.,
function (reviewed in Ref. 22). The finding that ethanol down-regulates 0. T.. McClure, M., Frye, C., Hattier, T., Phelps, R., Haugen-Strano, A., Katcher,

. . H., Yakuma, K., Gholami, Z., Shaffer, D., Stone, S., Bayer, S., Wray, C., Bodgen, R.,
the mRNA and protein levels of BRCAL in human breast cancer cells Dayananth, P., Ward, J., Tonin, P., Narod, S., Bristow, P. K., Norris, F. H., Helvering,

suggests a second possible mechanism linking ethanol to breast cancek:, Morrison, P., Rosteck, P., Lai, M., Barrett, J. C., Lewis, C., Neuhausen, S.,

: _ : : Cannon-Albright, L., Goldgar, D., Wiseman, R., Kamb, A., and Skolnick, M. H. A

I'e"_ do_v_vn regwat_lon of thBRC_Altumor Suppressor gene. Interestmgly, strong candidate for the breast and ovarian cancer susceptibilityBf@@41 Science

a significant fraction of sporadic human breast cancers contain decreaseguyashington DC)266: 6671, 1994.

levels of immunoreactive BRCA1 (23), suggesting that decreastd Henttu, P. M. A., Kalkhoven, E., and Parker, M. G. AF-2 activity and recruitment of

. . . ! . steroid receptor coactivator 1 to an estrogen receptor depend on a lysine residue

BRCAL expression I1s a meCham.Sm throth which Sporadlc breast CaN~onserved in nuclear receptors. Mol. Cell. Bidl7: 1832-1839, 1998.

cers may escape the control of this tumor suppressor in the absence afiaman, S., Wang, J. A, Meng, Q., Yuan, R. Q., Ma, Y. X, Erdos, M. R., Pestell, R. G.,
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